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Objectives: Ormocer composites, consisting of a silicon-based polymer, have been developed
recently as a tooth-coloured restorative material. The purpose of this prospective rando-
mised clinical trial was to evaluate the performance of two small-particle hybrid ormocer-
based restorative systems (AD, Admira/Admira Bond, VOCO; DE, Definite/Etch & Prime 3.0,
Dentsply) and one small-particle hybrid bis-GMA-based composite restorative system (TC,
Tetric-Ceram/Syntac, Ivoclar-Vivadent) in occlusal stress-bearing restorations.
Methods: One hundred and twenty-eight occlusal-proximal restorations (44 AD, 43 DE and
41 TC)were placed according to themanufacturer’s instructions in thirty-two adult patients.
Their clinical performance was scored according to the USPHS criteria and evaluation of
bite-wing radiographs.
Results: After 3 years, four AD, five DE and four TC restorations had failed due to fracture or
marginal gap formation. Surface roughness improved significantly when compared to the
baseline in AD and TC (Friedman test, p < 0.05) during the first year but returned to baseline
values after 3 years. DE had a significant tendency towards discolouration (p < 0.05). Bite-
wing radiographs showed two AD and one TC restorations with internal porosities. ANOVA
showed that larger restorations (3 surfaces) showed significantly more degradation than
smaller ones.
Conclusions: In a group of class II restorations, there was no significant difference in failures
after 3 years between ormocer-based and bis-GMA-based restorative systems.
# 2006 Elsevier Ltd. All rights reserved.
avai lab le at www.sc iencedi rec t .com
journal homepage: www. int l .e lsev ierhea l th .com/ journa ls / jden1. Introduction
Composite resins have gained widespread acceptance even in
cavities exposed to occlusal load. Concerns about appearance
and the mercury content of amalgam restorations have
increased the demands for tooth-coloured restorations even
in posterior teeth. However, persistent problems are poly-
merization shrinkage leading to gap formation and possibly* Corresponding author. Tel.: +32 2 477 49 55; fax: +32 2 477 49 42.
E-mail address: pbottenb@vub.ac.be (P. Bottenberg).
0300-5712/$ – see front matter # 2006 Elsevier Ltd. All rights reserved
doi:10.1016/j.jdent.2006.07.002secondary caries, wear with loss of anatomy and disturbance
of occlusal relationships and degradation leading to fracture.
According to clinical studies of longevity and failure rate,
composite restorations in (pre)molar teeth exhibited a lower
useful life period in comparison to amalgam restorations.
Collins et al.1 reported, after 8 years of observation, a two to
three times higher failure rate for composite restorations than
for amalgam restorations. While progress was undoubtedly.
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polymer matrix remained principally unchanged since the
introduction of bis-GMA resin by Bowen in the early 1960s.
Attempts were made to reduce polymerization shrinkage and
wear susceptibility but this did not lead to products that
reached clinical practice. Recently, ormocers were developed
as suitable as a dental restorative material.2 Ormocers
(organically modified ceramics) consist of a long ‘‘backbone’’
of silicon instead of carbon, on which carbon–carbon double-
bond-containing side-chains are grafted. These allow poly-
merization using conventional photoinitiators known in
restorative dentistry. The larger size of themonomermolecule
that can reduce polymerization shrinkage, wear and reduce
leaching of monomers makes ormocers interesting materials
as a matrix for resin composites. This may be the reason for
their increased biocompatibility.3,4 In laboratory studies not
all of these claims have been substantiated.5 Also, some
clinical evidence cast doubts on the superiority of ormocer
restoratives.6 But none of the available ormocer restoratives
have been evaluated in a comparative clinical study. There-
fore, the aim of the study was to evaluate the clinical
performance of two newly introduced ormocer-containing
micro particle hybrid composite restorative systems (AD:
Admira/Admira Bond, VOCO, Cuxhaven, Germany and DE:
Definite/Etch & Prime 3.0, Degussa, Hanau, Germany, now
made by Dentsply) and to compare it to that of a conventional
fine-particle hybrid composite restorative system (TC: Tetric-
Ceram/Syntac Sprint, Ivoclar-Vivadent, Schaan, Liechten-
stein). The working hypothesis was that material properties
had an influence on the clinical performance of the restorative
systems.2. Materials and methods
2.1. Patient selection
Following positive review by the medical faculty ethics
committee, adult patients were selected among the routine
polyclinic patients from the dental school clinic and volunteers
from staff and students and their family. To be included in the
study, they needed to have had several primary carious lesions
or defective restorations, including at least one proximal, and
the occlusal surface on teeth having an antagonist. Patients
needed tobeable toattend the recall examinations.Their caries
risk was to be low: only proximal lesions that had remained
undetected (probably for some years) by previous visual
inspection by external dentists were admitted to the study.Table 1 – Distribution of restorative systems among tooth typ
Restorative system Maxillary molars Mandib
mola
Right Left Right
AD 6 6 2
DE 6 8 1
TC 2 6 2
AD: Admira/Admira Bond; DE: Definite/Etch & Prime 3.0; TC: Tertic-CeraPatients having smooth-surface lesions and high amounts of
visible plaque were excluded. Before the treatment, bite-wing
radiographs were taken. Written informed consent was
obtained after giving oral information about the goal and
methodof thestudy. Eventually, 32patients (14male, 18 female)
were included in the study. Their age at the start of the study
ranged from 19 to 56 years (median: 38 years).
The randomisation was performed by noting each tooth to
be restored (FDI 2-digit code) on one paper and the type of
restorative system on a second. First, a tooth number was
drawn blindly. Subsequently, a restorative system was
allocated to this tooth by blind drawing. This procedure was
repeated if more than three restorations had to be placed. If
another patient hadmore than three restorations, the paper of
the supernumerary restorative system was removed from the
set. 135multi-surface occluso-proximal restorations (44AD, 43
DE and 41 TC) were placed. 26 AD restorations were placed in
premolars, 18 in molars, 25 DE restorations were placed in
premolars, 18 in molars, 28 TC restorations were placed in
premolars, 13 in molars (Table 1). This distribution was not
significant according to a x2-test (p = 0.574). There was a
certain over-representation of AD restorations in the group of
three andmore surface restorations (24) when compared to DE
(14) and TC (14), p = 0.065 according to the x2-test.
2.2. Restorative materials
Because composite restoratives are generally marketed as a
complete system, including theproprietary etching, primer and
bonding products, the present studywas performed using each
composite with its proprietary adhesive system. Three compo-
site restorative systems, of which two were ormocer-based
(Admira/Admira Bond and Definite/Etch & Prime 3.0) and one
was bis-GMA-based (Tetric-Ceram/Syntac Sprint), were used in
this study. Their composition is summarized in Table 2.
2.3. Clinical procedure
If necessary, local anaesthesia was administered. The cavity
was opened (or the existing restoration was removed) using a
pear-shaped diamond bur (Komet, 830L, Komet, Lemgo,
Germany) on a high-speed air turbine. Rubber damwas placed
either before the operative procedure or after opening the
cavity according to the accessibility. Caries was removed by
slow-speed metal burs and hand instruments, leaving
discoloured but hard dentine at the cavity floor. Cavities were
designed according the principles of minimal invasive
dentistry. If the cavity extended for more than 2 mm intoes and quadrants
ular
rs
Maxillary
premolars
Mandibular
premolars
Left Right Left Right Left
4 8 8 8 4
4 10 10 2 5
3 12 6 2 5
m/Syntac Sprint.
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Table 2 – Materials: restorative system, composition and manufacturer
Restorative system Composition Manufacturer
Admira Resin matrix: aromatic and aliphatic dimethacrylates,
methacrylate-functionalized polysiloxane
VOCO, Cuxhaven, Germany
Inorganic filler: Ba-Al-glass (56 vol%)
Photoinitiator: camphorquinone
Admira Bond (two-step
etch-and-rinse)
Etchant: 36% phosphoric acid
Adhesive: acetone, bonding ormocer,
dimethacrylates, initiators, stabilizer
Definite Resin matrix: methacrylate-functionalized
polysiloxane, bis-GMA, TEGDMA
Degussa, Hanau, Germany (later taken over
by Dentsply, Konstanz, Germany)
Inorganic filler: Ba-glass, pyrogenic SiO2 (61 vol%)
Photoinitiator: camphorquinone
Etch & Prime 3.0
(one-step self-etch)
Catalyst: HEMA, pyrophosphate, initiators, stabilizer
Universal: HEMA, ethanol, deionized water, stabilizer
Tetric-Ceram Resin matrix: UDMA, bis-GMA, TEGDMA Ivoclar-Vivadent, Schaan, Liechtenstein
Inorganic filler: Ba-glass, Ba-Al-F-glass, Al2O3,
YbF3, pyrogenic SiO2 (60 vol.%)
Photoinitiator: camphorquinone
Syntac Sprint (two-step
etch-and-rinse)
Etchant: 37% phosphoric acid
Adhesive: HEMA, deionized water, modified polyacrylic
acid, maleic acid, catalysts, stabilizers, fluoride
bis-GMA: bisphenol A-glycidyl dimethacrylate; TEGDMA: triethyleneglycoldimethacrylate; UDMA: urethane dimethacrylate; HEMA: 2-
hydroxyethyl methacrylate.the dentine, a glass-ionomer cement lining was applied at the
pulpal wall (Ketac-Bond, 3MESPE, Seefeld, Germany). The
facial and lingual margins in the proximal box were bevelled,
while the preparation outline in the cervical margin was only
bevelled when ending in enamel, otherwise a butt-joint was
prepared. At the occlusal outline, a butt-joint preparation was
left in order to minimize the surface exposed to occlusal load.
All cavities were restored using a sectional metal matrix
(Contact Matrix, Palodent, USA) fixed with a ring and wooden
wedges. Cavities restored with Admira were etched by
application of the proprietary etching gel to the enamel
margins (15 s) and then to the dentine (15 s). Cavities were
rinsed with air–water spray for 15 s and dried avoiding over-
drying (maximal 10 s, according to cavity size and geometry).
Admira Bond was applied with a micro-brush and left for 30 s,
followed by gentle air-drying and polymerization for 30 s. The
adhesive procedure for DE was performed by applying freshly
mixed one-step self-etch adhesive, Etch & Prime 3.0 for 30 s to
the cavity walls, followed by gentle air-drying and polymer-
ization for 30 s. The procedure for the Tetric-Ceram restorative
included etchingwith the proprietary etching gel (enamel 15 s,
dentin 15 s), rinsing with air/water spray for 15 s, gentle air-
drying and application of Syntac Sprint with a micro-brush.
After 30 s, the solvent was evaporated with a gentle air stream
followed by polymerization for 30 s. The restorative materials
were applied following the multi-increment technique. AD
and TC were dispensed from a syringe and transported to the
cavity with a spatula, DE was applied from capsules with the
proprietary dispenser. Between each increment (max 2 mm),
polymerization was performed with an Astralis 5 (Ivoclar-
Vivadent, Schaan, Liechtenstein, tip diameter 8 mm) halogen
light-curing unit for 40 s (DE and TC) or 60 s (AD). The light
output was measured using a hand-held curing radiometer
(Demetron, Danbury CT, USA) and did not fall below400 mW cm2. The light was directed perpendicular to the
occlusal surface. No post-curing from buccal or lingual was
performed after matrix removal. Then the rubber dam was
removed and occlusion and articulation were checked and
adjusted, followed by finishing with fine-grit diamond instru-
ments (8862 and 862EF, Komet, Lemgo, Germany), Sof-lex discs
(3MESPE, Seefeld, Germany) and rubber polishing instruments
(Kenda Hybrid, Vaduz, Liechtenstein). All finishing procedures
were performed under water cooling. The time allotted to the
placement of the restoration was scheduled to take about
45 min and the procedure was chosen to approach daily
clinical routine as much as possible. Since composite
restorative materials undergo rapid turnover and changes in
their formulation, to gain time three practitioners performed
the study. The three practitioners participating in the study
were given written instructions about the protocol, supple-
mented by a discussion prior to the start of the study. Several
restorations were scored twice at the 3-year recall by all
participating practitioners and data were analyzed using
Cohen’s kappa test. All practitioners had followed their dental
education at the same university and prior to the study had
participated in postgraduate courses concerning composite
restoration techniques. Two of the practitioners (M.A. and
F.K.) worked part-time in a private practice.
2.4. Evaluation procedure
The restorations were evaluated at baseline, 6, 12, 24 and 36
months according to a modification of the classical USPHS
criteria (Ko¨hler et al.7, details can be found in Table 3) and bite-
wing radiographs (except the 6months recall). Clinical scoring
was performed using a mirror, a Hu-Friedy CH3 (Hu-Friedy,
Chicago, USA) probe for marginal scoring and anatomy and
dental floss to check the contact points. Whenever possible,
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.the restorations were not scored by the practitioner who had
placed them. This necessitated, according to staff availability,
that the baseline examination was performed several days
after the placement of the last restoration. During the baseline
and 6 month evaluation, the senior researcher (PB) was
present either as evaluator or to take notes. This ensured a
maximal equality of scoring criteria and training of the three
evaluators (P.B., F.K. and M.A.). Bite-wing radiographs were
takenusing a Rinnbeamaimingdevice for bite-wing exposure,
Agfa Dentus no. 1 double exposure E-speed X-ray film
(Heraeus–Kulzer, Hanau, Germany). Exposure was performed
using a Gendex long-cone X-ray source at 10 mA, 75 kV peak at
an exposure time of 0.34 s. Films were developed using a Du¨rr
Periomat automatic processor (Du¨rr, Bietigheim–Bissingen,
Germany).
Two practitioners (P.B. and M.A.) scored bite-wing radio-
graphs on a negatoscope in consensus. Scores (good, accep-
table, failure) were attributed for:
Marginal gaps on the cervicalmargin and cervical recurrent
caries: good: continuous contour between tooth tissue and restora-
tion, no visible interface along the cavity margins; acceptable: continuous contour, but small radiolucent line
which can be attributed to radiolucent bonding, especially if
‘‘pooling’’ of bonding in the pulpo-cervical line angle was
visible; failure: radiolucent discontinuity especially on the external
margins spreading into dentine.
Porosities: good: no visible porosities;
 acceptable: small air inclusions (<0.5 mm) well inside the
material; failure: larger air bubbles or small air bubbles on the outer
contour of the restoration.
Cervical under/overfilling: good: continuity between root and filling surface;
 acceptable: slight impression of wedge into restoration
surface, over/undercontour of less than 0.5 mm; failure: important impression of wedge into restoration
surface, over/undercontour exceeding 0.5 mm.
2.5. Statistical processing
All datawere entered in a SPSS database (SPSS Inc. Chicago, IL,
USA). Comparison between different materials at the same
time was performed with the Kruskall–Wallis test (K.W.)
followed by a pairwise Mann–Whitney U-test if a p-value of
<0.05 was reached. Comparison between the different recall
examinations was calculated by a Friedman test followed by a
paired Wilcoxon test. Furthermore, an analysis of variance
was performed including size of restoration (number of
restored surfaces), primary or secondary caries and operator.
A cumulative failure score (failure for marginal integrity and/
or anatomy, radiography or vitality) was used to calculate and
compare survival curves for the different materials using the
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Table 4 – Results of the clinical evaluation, given as number of restorations for which this score was given
Recall time (months) 0 6 12 24 36 0 6 12 24 36 0 6 12 24 36 0 6 12 24 36
Restorative system Alpha Bravo Charlie Delta
Admira
Marginal gap 42 38 37 31 14 2 3 3 8 7 0 1 2 1 3 0 0 0 1 2
Marginal discolouration 39 35 36 28 15 5 6 5 12 9 0 1 0 0 1 n.a
Anatomic form 27 28 28 28 16 17 13 11 11 6 0 0 1 1 3 1 1 1 0 2
Contact point 36 35 31 30 16 6 5 8 8 6 1 1 0 2 3 n.a.
Sensitivitya 29 35 35 30 23 8 6 4 7 2 0 0 0 0 0 2 1 2 2 2
Surface roughness 34 41 38 38 19 9 1 3 1 4 1 0 0 1 2 n.a.
Colour match 27 25 30 24 12 17 15 10 15 17 1 3 2 2 2 n.a.
Definite
Marginal gap 40 35 36 31 16 3 5 5 10 12 0 0 0 0 0 0 1 1 2 1
Marginal discolouration 35 35 31 29 18 8 6 9 11 10 0 0 0 1 0 n.a.
Anatomic form 27 26 24 24 19 16 14 13 15 10 0 0 0 0 1 0 1 1 2 2
Contact point 35 34 28 27 19 5 5 9 10 10 1 0 1 2 1 n.a.
Sensitivity 32 35 32 29 26 6 3 5 8 2 0 0 0 0 0 3 3 3 3 3
Surface roughness 35 37 31 37 19 8 4 9 3 9 1 0 0 1 0 n.a.
Colour match 10 12 10 7 4 26 25 22 26 20 8 5 9 9 11 n.a.
Tetric-Ceram
Marginal gap 40 37 34 30 16 1 3 4 9 8 0 0 0 0 0 0 0 0 0 1
Marginal discolouration 37 34 31 27 13 4 6 3 11 10 0 0 0 1 1 n.a.
Anatomic form 35 37 28 23 17 6 2 8 15 7 0 1 2 1 1 0 0 0 0 1
Contact point 33 30 28 27 17 6 8 8 8 7 0 0 0 2 1 n.a.
Sensitivity 29 34 35 30 22 8 6 3 4 1 0 0 0 1 0 0 0 1 1 1
Surface roughness 33 39 37 38 20 8 2 1 1 4 0 0 0 0 0 n.a.
Colour match 16 21 24 22 12 26 20 14 17 17 0 0 1 1 3 n.a.
For some criteria, no ‘‘delta’’ score was attributed (n.a. in the column). The scores for each composite include their proprietary adhesive systems.
a Delta rating includes root-canal treated teeth (if delta is scored at baseline).
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Software, USA).3. Results
In total, 135 restorations were present at baseline. Two
patients failed to respond to all recall examinations, leaving
132 restorations for evaluation after 2 years and 79 after 3
years (26 AD, 28 DE and 25 TC). One patient had all her
restorations (1 AD, 1 DE and 2 TC) replaced in a private practice
after 1 year for unclear reasons, and two (AD) restorations
were replaced by a full crown.
The kappa test performed on the repeated evaluations
resulted in values between 0.47 and 0.64 (p < 0.05) for inter-
rater agreement, and 0.65 to 0.74 (p < 0.05) for intra-rater
agreement.
The scores for the different materials are displayed in
Table 4. An overview of the statistical tests is given in Table 5.
Between baseline and the second and third year recall, all
materials showed a significant ( p < 0.005) deterioration of
marginal quality (marginal gap and marginal staining). At all
appointments (baseline and recall), no significant difference
could be found between the three tested composites (x2:
p > 0.05, Kruskal–Wallis (K.W.): p > 0.05).
Evaluation of anatomic form showed that on baseline and
after 6 months, Tetric-Ceram performed significantly better
(p < 0.01) than both ormocer materials. However, between
baseline and 2 years, TC experienced a significant loss ofFig. 1 – Scores attributed to bite-wing radiographs (AD: Admira, 1anatomy (p < 0.001) and after 3 years all materials performed
comparably. Definite and Admira did not change significantly
over the 3-year period. Two failures (1 ADand 1DE) occurred in
a patient with bruxism, in both cases a cusp next to the
restoration fractured leading to its replacement.
Surface structure resulted in a significant (p < 0.05)
smoothening of AD and TC after 6 months when compared
to baseline. After year 1, DE scored significantly rougher than
TC ( p = 0.018). There were no significant different scores
between the materials at the other control appointments.
The quality of the contact point diminished slightly in AD
( p = 0.046) and DE ( p = 0.034) between baseline and 3 years.
Therewas no significant difference between allmaterials at all
appointments (K.W. p > 0.05).
Definite showed the worst colour match, when compared
to either AD or TC (p < 0.01) at all appointments. Between time
0 and 2 years, there was no significant change in colourmatch
within one material ( p > 0.05), after 3 years DE showed a
significant quality loss (p < 0.05).
Pulp sensitivity was not seen in all but two cases. Neither
between baseline and control appointments nor between the
different materials, there were significant differences (Fried-
man, p > 0.05, K.W., p > 0.05). Two teeth with extensive
restorations showed problems with pulpitis during the study,
one (TC) had to undergo a root canal treatment after 6months,
in the other case (TC) the problemwas solved by replacing the
restoration.
The results of bite-wing radiograph evaluation are sum-
marized in Fig. 1. Problems with exposure geometry or, after 1 year, 2 after 2 years; DE: Definite, TC: Tetric-Ceram).
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Table 5 – Overview of statistical tests
Criterium 0 months 6 months 12 months 24 months 36 months
Comparison between restorative systems at different recalls: (<worse than, > better than)
Marginal gap n.s. n.s. n.s. n.s. n.s.
Marginal discolouration n.s. n.s. n.s. n.s. n.s.
Anatomic form TC > AD + DE (*) TC > AD + DE (**) n.s. n.s. n.s.
Contact point n.s. n.s. n.s. n.s. n.s.
Sensitivity n.s. n.s. n.s. n.s. n.s.
Surface roughness n.s. n.s. DE < TC (*) n.s. n.s.
Colour match DE < AD + TC (*) DE < AD + TC (*) DE < AD + TC (***) DE < AD + TC (***) DE < AD + TC (**)
Criterium Comparison with initial situation (+: better, : worse than initial)
6 12 24 36 months
Marginal gap n.s. n.s. AD (*); DE (**);
TC (**)
AD (**); DE (**);
TC (**)
Marginal discolouration n.s. n.s. AD (*); DE (*);
TC (**)
AD (**); DE (**);
TC (**)
Anatomic form n.s. TC (*) TC (**) TC (*)
Contact point n.s. n.s. n.s. n.s.
Sensitivity n.s. n.s. n.s. n.s.
Surface roughness AD+ (**), TC+ (**) AD+ (*); TC+ (*) n.s. n.s.
Colour match n.s. n.s. n.s. DE (*)
AD: Admira/Admira Bond; DE: Definite/Etch & Prime 3.0; TC: Tetric-Ceram/Syntac Sprint. (*): p < 0.05, (**): p < 0.005, (***): p < 0.001processing errors resulted in some data loss. Between
materials, no significant differences could be found for all
criteria (K.W., p > 0.05).
Small gaps at the gingival surface (bonding excess) and
porosities were the most frequently occurring problems.
In all materials, some failures occurred. The log-rank
analysis of the different survival curves (Fig. 2) showed no
significant difference (p = 0.42) between the three types of
composite. An annual failure rate of 3% could be calculated for
AD, 3% for DE and 2% for TC.
The results of the analysis of variance are presented in
Table 6. Cavity size significantly contributed to the perfor-
mance of all restorative systems, especially for contact
point, marginal gap and anatomic form. The operator
contributed sometimes to the performance of the restora-
tion but not in a systematic way and never in the initial
evaluation.Fig. 2 – survival curves (WS.E.M.) for Admira (AD), Definite
(DE) and Tetric-Ceram (TC).4. Discussion
In the course of the study, the restorations went through
some changes. The marginal quality first improved some-
what, probablydue towearof excessmaterial at themargins.8
Thereafter, degradation phenomena were observed, such as
weaker proximal contact areas, most probably due to wear.9
Marginal fractures were observed from the 1-year control
onwards. In our study, the butt-joint occlusal outline, instead
of a bevelled preparation outline in combination with the
extensive nature of the restorations, could be an explanation
for the formation of marginal fractures. Degradation of
marginal quality has been reported for DE in a 1-year clinical
evaluation by Oberla¨nder et al.,10 which may be explained by
a shorter time schedule and use of cotton-roll insulation in
contrast to the use of rubber dam in the current study.
Post-operative hypersensitivity was not problematic in
this study, only one restoration had to be replaced. The
highly significant contribution of cavity size to the variable
sensitivity in the ANOVA could be explained by a higher
number of teeth being non-vital at the start of the study and
requiring more extensive restorations. In contrast to the
findings of Lundin andRasmusson,11who reported a frequent
occurrence of post-operative sensitivity, restorations in
our study were placed using rubber dam insulation, which
might have contributed to the difference in results. Colour
match was satisfactory for AD and TC, but substandard in
DE forwhich post-curing colour differenceswere described.12
The authors speculated that a higher fraction of aromatic
amines in the photoinitiator system used may be the reason
for this phenomenon. The radiolucent line observed in
the bite-wing radiographs could have been the consequence
of bonding ‘‘pooling’’, described as typical for ormocer
materials.5
It is to be noted that in this study rather extensive
restorations were placed. This fact was shown to have a
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Table 6 – Results of the one-way ANOVA performed on different variables with type of restorative system, number of
surfaces, primary caries or restoration replacement and operator as independent variables
Dependent
variable
Recall period
(months)
Restorative system
(AD/DE/TC)
Number of
surfaces (2–4)
Primary caries/
re-placement
Operator (MA, PB, FK)
Marginal gap 0 n.s. n.s. n.s. n.s.
6 n.s. 0.032 n.s. 0.001
12 n.s. n.s. n.s. 0.001
24 n.s. n.s. n.s. n.s.
36 n.s. 0.025 n.s. n.s.
Marginal discolouration 0 n.s. n.s. n.s. n.s.
6 n.s. n.s. n.s. 0.012
12 n.s. n.s. n.s. n.s.
24 n.s. 0.012 n.s. n.s.
36 n.s. 0.013 n.s. n.s.
Anatomic form 0 n.s. 0.023 n.s. n.s.
6 n.s. n.s. n.s. n.s.
12 n.s. n.s. n.s. n.s.
24 n.s. n.s. n.s. n.s.
36 n.s. 0.026 n.s. n.s.
Contact point 0 n.s. 0.019 n.s. n.s.
6 n.s. 0.021 n.s. 0.053
12 n.s. 0.004 n.s. 0.019
24 n.s. <0.001 n.s. n.s.
36 n.s. <0.001 n.s. n.s.
Sensitivity 0 n.s. <0.001 n.s. n.s.
6 n.s. <0.001 n.s. n.s.
12 n.s. <0.001 n.s. n.s.
24 n.s. <0.001 n.s. n.s.
36 n.s. <0.001 n.s. n.s.
Surface roughness 0 n.s. n.s. n.s. n.s.
6 0.041 n.s. 0.014 n.s.
12 0.018 n.s. n.s. n.s.
24 n.s. n.s. 0.039 0.019
36 n.s. n.s. n.s. n.s.
Colour match 0 <0.001 0.043 n.s. n.s.
6 <0.001 n.s. n.s. n.s.
12 <0.001 n.s. n.s. n.s.
24 <0.001 n.s. n.s. n.s.
36 <0.001 n.s. n.s. n.s.
Significant contribution of these variables ( p-value if <0.05, otherwise n.s.) are given per recall (in months).negative effect on the quality of the restorations after
exposure to the oral environment. In these cases extensive
amalgam restorations were shown to perform better.13 Also,
tooth-coloured ceramic inlays were shown to function
satisfactorily over time,14 but the procedure and cost preclude,
at least for this moment, a general application in clinical
practice.
New developments in composite technology have shown a
mitigated success in clinical studies. In the past some
materials marketed with a claim of easier handling or
‘‘amalgam-like’’ clinical technique have been shown to not
withstand clinical testing.15,16
The ormocermaterials in the present study, however, were
found to be comparable but not superior to a modern small-
particle hybrid composite. Therefore, we could reject the
hypothesis that differences in the composition of restorative
systems had an influence on the clinical outcome. Some
reasons for this may be the fact that material properties are
not the only factor in success or failure. In a meta-analysis,Leloup et al.17 showed thatmore factors contribute to adhesive
force between composite and dentine, such as origin and
quality of the tooth’s hard tissues or diameter and direction of
dentinal tubuli. Clinical and laboratory research revealed the
superiority of three-step, ethanol–water-based etch-and-rinse
adhesives.18 Reports were published about an inferior perfor-
mance of one-step self-etch- and two-step etch-and-rinse
adhesives, like Etch & Prime 3.0 and Admira Bondwith respect
to micro leakage and bond strength10 and in clinical condi-
tions.18,19 However, these findings could not (yet) be confirmed
in the present study. The present study showed, after a
relatively short evaluation period of 3 years, no significant
differences between the three bonding systems with respect
to marginal degradation. Adhesive failures were not frequent
in this study; only one restoration (TC) was lost due to
debonding between the 24-month and 36-month recall.
Adhesive failures were more frequently encountered in
cervical restorations where the cavity preparation is generally
non-retentive.20 In class II cavities, the influence of the
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results to a significant extent.21 This could also be found in the
present data. Ormocers have a different matrix but share
similar filler particles and a coupling mechanism with
conventional resin composites. In laboratory studies, ormocer
materialswere found to be subject tomarginal ridge fracture22
but their abrasion resistance was similar to conventional
microhybrid composites.23
When compared to other clinical studies in the domain of
composite resins (for a survey see24), the present results were
in the range of other studies. However, comparison of clinical
studies is not a straightforward affair. Criteria used for
evaluation are all based on the work by Ryge and Snyder25
but varywidely in theway the scores are attributed. According
to Hayashi et al,26 further standardization of methods in
clinical studies would be necessary in order to obtain a real
comparability of their results.
Furthermore, the authors were somewhat frustrated with
the fact that clinical studies do not always contribute
efficiently to the establishing of ‘‘evidenced-based’’ dental
medicine. By the time this study was terminated, two of the
tested materials had either undergone modifications in their
formulation (as in the case of Tetric-Ceram) or were no longer
available (as in the case of Definite). For the sake of
practitioners and patients, we plead for a controlled clinical
study to be performed preceding market introduction.5. Conclusions
In conclusion, it can be stated that in occlusal stress-bearing
cavities the ormocer-based composite materials tested per-
formed comparably to the conventional microhybrid bis-
GMA-based composite, with the exception that DE had a poor
colour match.
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